Camera calibration is one of the key steps of 3D reconstruction. Aiming at improving the accuracy and solving the complex problems of camera calibration, based on the camera model, a practical approach of camera calibration based on an isosceles right triangle planar pattern was presented. The camera coordinate system was set as the world coordinate system. Five camera intrinsic parameters needed to be calibrated. The planar pattern contained three apexes of the triangle and two arbitrary points on two right angle sides. More than six pattern images were captured from different poses, the improved Harris detector was used to obtain the sub-pixel coordinates of the corners. Established the constraint equations according to the right angle, camera intrinsic parameters can be calculated. This method reduced the requirements of pattern and was simple and convenient to operate. Experiment shows that the approach is accurate.
INTRODUCTION
Three-dimensional reconstruction is the process of recovering the three-dimensional coordinates from the image, which is the most important research direction of computer vision, which has been widely used in the fields of visual monitoring, industrial application, military and communication. Camera calibration is one of the key steps to realize three-dimensional reconstruction, which directly affects the accuracy of measurement [1] [2] [3] [4] [5] .
The method of camera calibration is mainly divided into traditional calibration method [6] , self-calibration method and active vision calibration method. The traditional calibration method is applicable to any camera model [7] . Generally, the constraint relationship between a standard reference object and the corresponding image is used to determine the camera parameters. The accuracy is high, but the calculation is complicated, and the calibration template is needed. Selfcalibration method [8] , without calibration template, only need to establish the corresponding relationship between the image, flexible and convenient, but the accuracy is not high, and the robustness is not strong. Active vision calibration can be solved linearly [9] , which is robust, but can only be used in applications where camera motion is known. The Direct Linear Transformation (DLT) method proposed in the literature ten [10] is used for linear camera model calibration. The method is simple, but the camera lens distortion problem is not considered. The Tsai two-step method proposed in the literature one considers the radial distortion and the calculation is moderate, but it is difficult to achieve high precision. Zhang's planar template two-step method proposed in the literature eleven [11] is a relatively classic calibration method. The camera is calculated by shooting a calibration plate placed in any pose, which is easy to operate and overcomes the shortcomings of high requirements on equipment. But long time feature point matching is required.
In this paper, a camera calibration method based on isosceles right-angled triangle planar template is proposed. The calibration plate is simple to manufacture and does not require the known triangle side length. The improved Harris corner detection method is used to automatically extract the triangle vertices, and the calibration template in any move and rotate in the camera view. The calibration step is simple, the calculation speed is fast, and only a small calibration images can be used to complete the calibration. The experimental result shows that the calibration result has certain accuracy.
CAMERA MODEL
According to the Pinhole Imaging model [12] , the three-dimensional point on the template plane is uniformly marked as , and the two-dimensional point on the image plane is uniformly labeled as , and the relationship between the image coordinates and the spatial coordinates is shown in formula （1）.
In the formula is the scaling factor, the rotation matrix and the translation vector constitute the camera external parameter matrix, constitutes the camera internal parameter matrix, wherein the are the scale factors in the direction and the y direction，γ is the non-vertical factor of the axis and the axis, is main point coordinates
CALIBRATION PRINCIPLE

Calibration template
The calibration template is shown in Figure 1 . It consists of an isosceles right triangle , is any point on , is any point on , and , the projection point to the image is . 
Calibration algorithm
It is known from the three-point collinearity that there is a non-zero constant , which makes:
Similarly, there are non-zero constants , so that (3) Without losing its generality, the world coordinate system is coincident with the camera coordinate system, then , then (1) is represented as:
Let the scaling factors of be ，respectively, then we can get according to formula (4) . 
Similarly, bring the formula (5) into (3)：
Because , you can get (10) Bringing equations (5), (8) , and (9) into equation (10) (11) And： (12) (13) (14)
Corner extraction
Using the improved Harris corner point detection method [13] , the image window is shifted by , resulting in a gray change ：
For a local small amount of movement , the approximate expression is:
Where is a 2*2 matrix, derived from the derivative of the image:
Use the eigenvalue of to express the local grayscale variation of the image point, and define the corresponding function of the corner point:
The diagonal point response function performs threshold processing to extract the local maximum of . Generally, many corner points are detected. We scan the corner points according to a fixed window, and use the corner points within a certain distance as a cluster to average the coordinates of these points. Therefore, only the three vertices of the triangle are detected and removed interference points in other parts. The eigenvector corresponding to the minimum eigenvalue of matrix is the least squares solution of equation (38), so that can be solved, and all internal parameters can be obtained. The internal parameters are: 
Determination of parameters in the camera
γ γ ⎧ = − − ⎪ ⎪ ⎡ ⎤ = − + − ⎣ ⎦ ⎪ ⎪ = ⎪ ⎨ ⎪ = − ⎪ = − ⎪ ⎪ = − ⎪ ⎩ (39)
EXPERIMENTAL RESULTS AND ANALYSIS
In this paper, we use the calibration template of the isosceles right triangle as shown in Figure 1 .
are the vertices of the triangle. For the convenience of calculation, let point be the point on the edge of , and , point is the point on the side, and . The experiment uses a CCD industrial camera with a resolution of 1600*1200 and a pixel size of 3.2. The calibration template is selected for shooting. Figure 2 shows two of the captured calibration images. A total of 30 images are acquired, and the improved Harris corner detection method is used to extract. Vertices , Figure 3 shows the extraction of corner points of one of the images and automatically extracts points .
In order to verify the validity and accuracy of the proposed algorithm, this paper uses 30 images captured by the same camera, respectively, using the classical Zhang's planar template two-step method and the algorithm of this paper to calibrate. The calibration parameters are shown in Table 1 . It can be seen from the table that the relative error between the proposed method and the classical Zhang's planar two-step method is only about 1.7%, and is only -0.0001, that is, the u-axis and the v-axis are nearly perpendicular, thus it is shown that the method presented in this paper has good calibration results. 6, 10, 15, 20 and 25 images of calibration plates were selected for calibration experiment. As shown in Figure 4 , the parameters of the algorithm calibration and the standard two-step calibration parameters of classical Zhang's are compared respectively. It can be seen from the figure that the relative error between the proposed algorithm and the Zhang's algorithm is small, and the algorithm can complete the camera calibration with only 6 calibration images. The calibration algorithm has simple complexity and steps, and the calibration accuracy can meet the requirements of 3D reconstruction steps. 
CONCLUSION
In this paper, a new camera calibration method based on isosceles right triangle calibration template is proposed. This method is simple to make a calibration template. It uses a set of right-angled edge constraints of isosceles right triangles, without the need for known right-angle side lengths. Extract the vertices of the triangle and automatically extract any points on the sides of the right angle to complete the calibration. Not only does it need to manually extract the corner points, but the operation is simple, the calibration speed is fast, and the utility is strong. According to the experimental results, the new method proposed in this paper reduces the computational complexity compared with the traditional calibration method and is easier to obtain the results. Compared with the self-calibration method, the accuracy is improved and the robustness of the calibration results is increased. Compared with the active calibration method, the flexibility of the camera's application scene is increased, which can be widely used. This method reduces the requirements for calibration templates, and can guarantee a certain calibration accuracy. It can be widely used in computer vision research. It has a good application value. The downside is that although the calibration can be done with only a small number of images, there are occasional errors in the calibration results. It is recommended to take multiple images to complete the calibration. The next research work is to complete the stereo calibration according to the calibration parameters of the left and right cameras, and finally achieve the purpose of three-dimensional reconstruction.
